The trichothecenes T-2 and HT-2 toxins have during recent years been found frequently in cereals grown in Europe. They are mainly produced by Fusarium langsethiae. High concentrations of the toxins are most commonly found in oats, but they are also detected frequently at lower concentrations in barley. Wheat is only rarely contaminated. Yearly surveys of T-2 and HT-2 toxins in oats from Northern Europe have shown that the occurrence and levels have increased from 2002, with very high levels in 2005-2007, followed by a decrease in 2008-2009. Raw oats delivered to mills for processing to food have also been highly contaminated with T-2 and HT-2 toxins during the period 2006-2009. The processing of oats in the mills by sorting-sieving and dehulling reduce the toxin concentrations in the final food products, flakes and meals, with more than 80 % even at high levels in the raw oat. The concentrations of the toxins in the by-products from the process are instead increased. The by-products are mainly used as feed components.
INTRODUCTION
Cereal plants are worldwide infected with different Fusarium species and some of them e.g. F. graminearum, F. culmorum are associated with plant diseases like Fusarium Head Blight and grain contamination with toxins. Other Fusarium species e.g. F. poae, F. langsethiae do not produced clear pathogenic symptoms but may still produce toxins.
The trichothecene deoxynivalenol mainly produced by F. graminearum is the most frequently found fusarium toxin and present at the highest concentrations in especially wheat. The more toxic trichothecenes T-2 and HT-2 toxins have during recent years been found also frequently in cereals grown in Europe , Pettersson et al. 2008 . They are mainly associated with F. langsethiae, but may be produced also by F. sporotrichioides in cereals from East and South Europe. T-2 and HT-2 toxins have most frequently been found at highest concentrations in oats followed by barley. Wheat is much less contaminated.
Tricothecenes in cereals were risk evaluated by the EU Scientific Committee on Food (SCF 2001) and JECFA (Joint FAO/WHO Expert Committee on Food Additives) in 2001. a combined temporary tolerable daily intake (t-TDI) of 0.06 µg/kg body weight and day was established for T-2 and HT-2 toxins, since T-2 toxin is readably converted into HT-2 toxin after consumption.
The European Union has introduced maximal tolerable levels of deoxynivalenol in cereals intended for food and recommendation on guidance levels in feed (EC 2006a,b) . There are currently no legal limits for T-2 and HT -2 toxins in food or feed, although the intention to introduce such is indicated in the legislation. The time table for introduction has been prolonged, partly due to the high occurrence of the toxins in oats. This paper will give a review of the occurrence of T-2 and HT-2 toxins in European cereals, effect of processing, their toxicity and risks for human and animals. OCCURRENCE Surveys of T-2 and HT-2 toxins in European cereals during the 1990-ties as reported by SCOOP 2003 and JECFA 2001 showed that the toxins occurred most frequently in oats followed by barley and maize. Wheat was much less contaminated. The mean levels for the sum of T-2 and HT-2 toxins were generally relatively low (< 100 µg/kg) although some max values in certain oat samples exceeded 1000 µg T-2+HT-2/kg. The surveys of trichothecenes in cereals continued in Scandinavia and started in UK during the period 2000 to 2009. Results from the surveys of T-2 and HT-2 toxins in oats are presented in Table 1 . High and increasing levels of T-2 and HT-2 toxins were found in oats from Scandinavia and UK in 2002 to 2006. Thirty-three to 44 % of the samples from UK, Finland, and Sweden exceeded 500 µg T-2+HT-2/kg during at least one year. Median levels above 200 µg/kg were recorded and max concentrations up to 9990 µg/kg were found. The levels decreased in oats from all survey countries during the period 2007-2009. Barley and wheat have also been analyzed for T-2 and HT-2 toxins in Scandinavia, UK and France during several years in the period 2000-2009. Concentrations above 50 µg T-2+HT-2/kg have only rarely been detected in wheat. Barley samples above that level occurred more frequently, but most positive samples had a concentration below. In the French surveys of spring barley such low levels were frequently detected (Orlando et al. 2010) . The adjusted mean concentrations for the years 2006-2008 were between 19 and 22 µg T-2+HT-2/kg. The toxins were much less frequently detected in winter barley although fewer samples had been analyzed.
All oats for human consumption are processed in mills. Oats are cleaned by screening, dehulled, sorted and flaked or milled. T-2 and HT-2 toxin concentration in the final products used for food are reduced by an average of 80% during especially the dehulling step. The effect of processing on the toxin levels in oats from UK mills are in detail described by Scudamore et al. 2007 . The toxin levels in the by-products (husks, debris, small kernels) often used for feed will instead increase by on an average up to 3 times compared to the raw oats.
The CEEREAL has also analyzed T-2 and HT-2 toxins in the oat-flakes and oat by -products obtained in their mills during 2005 (Pettersson 2010 tions in the raw oats, oat-flakes and oat by-products from the mills are given in Table  2 . The mean and median concentrations in oat-flakes decrease by 81 and 73 % respectively compared to raw oats and increased by 307 and 345 % in the oatbyproducts. T-2 and HT-2 toxins exhibit their toxicity mainly by inhibiting DNA, RNA and protein synthesis, the latter at the ribosomal level. The toxins are therefore highly cytotoxic and more toxic compared to the other trichothecenes partly due to their more lipophilic character and membrane permeability. T-2 toxin is rapidly converted into HT-2 toxin after ingestion by animals. The toxicity of T-2 and HT-2 toxins in animals is thus considered to be similar.
Several studies in mice and rats show that T-2 toxin causes cytotoxicity and proliferative changes in the oesophagus-and forestomach epithelium. Several tests for genotoxicity in vitro and in rodents in vivo, especially for clastogenic effects, were positive for T-2 and HT-2. There is, however, limited evidence for carcinogenicity in experimental animals. It induced hepatocellular-and pulmonary adenomas in male mouse .
The most important toxicity studies identified by the EU Scientific Committee on Food (SCF, 2001 ) and the Joint FAO/WHO Expert Committee on Food Additives (JECFA, 2001) in their evaluation of T-2 and HT-2 toxicity are given in Table 3 . The LOAEL (Lowest Observed Adverse Effect Levels) or NOAEL (No Observed Adverse Effect Levels) are given for the critical effects. Both Committees, the JECFA and the SCF, used the haematotoxicity and immunotoxicity of T-2 toxin in the subacute toxicity study in pigs by Rafai et al. 1995a as the bases for their safety assessment. There are deficiencies in the toxicity studies, e.g study duration, pair feeding of control animals, comparative studies on metabolism and toxicokinetics. To account for this and the use of a LOAEL, the Committes included an extra uncertainty factor of 5, giving an overall uncertainty factor of 500. a temporary or provisional maximal Tolerable Daily Intake (t-TDI or PMTDI) of 0.06 µg/ kg bodyweight and day was thus established for the sum of T-2 and HT-2 toxins. The toxicity of T-2 and HT-2 toxins in farm animals was evaluated by Eriksen and Pettersson 2004. The lowest effect level in feed for certain toxic effects in major feeding studies with pigs and chickens are given in Table 4 . Guidance values for the highest T-2 and HT-2 concentrations in feed for pigs and chicken was suggested to 0.2 and 0.5 µg/kg respectively. Table 4 Lowest effect level of T-2 toxin in feed for pigs and chicken.
There are hardly any reports on toxic effects in ruminants fed T-2 and HT-2 toxins in controlled studies. This may be due to that trichothecenes including T-2 and HT-2 toxins are rapidly degraded and detoxified by mi- Wyatt et al. 1972 Wyatt et al. , 1973 Reduced feed consumption and growth Wyatt et al. 1972 Wyatt et al. , 1973 croorganisms in the rumen. They are deacetylated and de-epoxidated. The removal of the epoxide is the main detoxification of trichothecenes. Deepoxidation activities have also been found in faeces from pigs and horses (Eriksen et al. 2002; Pettersson et al. 2007 ), but it is unclear if this reaction in the lower part of the gastro-intestinal tract may have an influence on the eventual toxic effects. Horses may be highly exposed to T-2 and HT-2 toxins but there are only few case reports on their eventual toxic effects in horses. Most cases are from East Europe but T-2 toxin has also been the cause of bean-hull poisoning of horses in Japan. Toxic effects described are CNS toxicity, muscle contraction, tachycardia and colic. The exposure of trotter horse to T-2 and HT-2 toxins through oats has been studied in Sweden (Pettersson et al. 2007) . Horses consuming an average of 2.6 mg T-2+HT-2 per day were compared with a group consuming 0.7 mg toxins per day. No clear effects were seen on health and performance of the horses.
RISKS
Estimation of human intake of T-2 and HT-2 toxins through oats and comparison with the established t-TDI can provide information on the risks with the toxins in food oats. JECFA (2001) made intake calculations for the trichothecenes based on the toxin database available for each cereal at that time and different cereal consumption information. The calculated intakes were high for many population groups and the intake for the sum of T-2 and HT-2 toxins exceeded the combined t-TDI in most high cereal consumption groups. The toxin portion from oats was about 50% of the intake. The mean concentration used for oats in the calculations was a weight mean (21 µg T-2/kg, 35 µg HT-2/kg) of all European analysis on unprocessed oats. This is not an appropriate concentration value to use in the calculations since unprocessed oats are not consumed and processing decrease the toxin concentrations with more than 80%.
The median concentration of T-2 and HT-2 toxins in oat-flakes for the year 2005-2009 from the study by CEEREAL are more correct to use. This concentration has been used together with the detailed Norwegian oat consumption data for the calculation of intake in Table 5 . Oat consumption in Norway is relatively high and a median consumption has been used in the calculations. The intake of T-2 and HT-2 toxins from oats is then 1.5-5.4 % of the t-TDI depending on groups and much lower than in the JECFA calculations. If the intake is calculated for high oat consumers (95 th percentile consumption) and high toxin concentration (90 th percentile) in the oatflakes, the toxin intake will become 48-77 % of the t-TDI.
About 75 % of the European oat crop is used in animal feed. Oats are mainly used in feed for ruminants and horses. It is less popular in feeds for pigs and poultry due to the relative high fibre content and low energy value. Oat byproducts are only used in horse and ruminant feed. Table 5 Intake of T-2 and HT-2 toxins from oats calculated on consumption data from Norway.
Median consumption and median toxin concentration from CEEREAL study
Oats with median T-2 and HT-2 toxin concentrations (Survey mean 90 µg/ kg, CEEREAL 42 µg/kg) can be used in feed to pigs and poultry without restrictions due to toxin content and risk for exceeding feed guidance levels. The oat component in their feeds rarely exceeds 50% of the diet. Oats containing high toxin levels equal to the 90 th percentile (208 µg/kg) in the CEEREAL study could also be used, but oats with concentrations above 1000 µg T-2+HT-2/kg may cause adverse effects.
In adult ruminants even the highest T-2 and HT-2 toxin concentrations in oats are expected to be degraded and detoxified by the rumen microbes. The highest toxin concentrations may have a local contact effect causing erosions on the muzzle and in the mouth. This has however not been described.
Athletic or working horses may be fed up to 6 kg oats per day in addition to the roughage. If oats with a median toxin concentration (90 or 42 µg/kg) is used the daily intake will be only 0.25-0.54 mg/day or calculated on a body weight of 500kg give 0.5-1.1 µg/kg b.w. and day. The lowest adverse effect level of T-2 and HT-2 toxins in horses is not known, but this daily amount will probably not cause adverse effects. Oats with T-2 and HT-2 concentrations above 1000 µg/kg will give a daily consumption of more than 6 mg/day or more than 12 µg/ kg b.w. and day. These amounts are expected to cause toxic effects in the horses, although it was not noticed in the study on trotter horses in Sweden. An explanation could be the degradation of trichothecenes in intestinal and feces content of horses fed oats. a local cytotoxic contact effects caused by high toxin concen- trations could also be expected in the muzzel, mouth, stomach and upper intestine of the horses. T-2 and HT-2 toxins are highly cytotoxic and cause cell death at concentrations from 0.3-20 ng/ml in cell culture studies.
